Handheld electrode arrays can greatly speed electrical impedance measurements of muscles, but the standard parameter, phase, is very sensitive to subcutaneous fat thickness.
h i g h l i g h t s
Handheld electrode arrays can greatly speed electrical impedance measurements of muscles, but the standard parameter, phase, is very sensitive to subcutaneous fat thickness.
Another electrical impedance parameter, the reactance, is relatively unaffected by subcutaneous fat thickness.
The reactance appears to be the impedance parameter of choice when using a handheld electrode array.
a b s t r a c t
Objective: Recent developments in electrical impedance myography (EIM) have led to the use of handheld electrode arrays (HEAs) for data acquisition. Although preferable for several reasons, this approach tends to be more affected by subcutaneous fat (SF) than the original approach in which the impedancemeasuring electrodes are widely spaced. In this study, we seek to identify the EIM parameter least impacted by subcutaneous fat (SF) when using an HEA. Methods: 18 normal subjects underwent 50 kHz EIM and ultrasound of the medial gastrocnemius muscles on the dominant side. Coefficients of determination (R 2 values) were calculated for each of the three major EIM variables (reactance, resistance, and phase) and SF thickness. Results: For both resistance and phase, a strong relationship to SF thickness was observed (R 2 = 0.64 and R 2 = 0.70, respectively, p < 0.001 for both). In contrast, for reactance, the relationship was non-significant, with R 2 = 0.07, p = 0.30.
Conclusions: Unlike resistance and phase, both of which are highly impacted by SF thickness, the reactance shows no significant relationship. Significance: Future clinical studies employing HEA's to perform EIM should evaluate alterations in reactance in addition to those in resistance and phase. Ó 2012 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Electrical impedance myography (EIM), a technique based on the application and measurement of high-frequency electrical current across discrete areas of muscle, is finding wider application for the quantification and assessment of neuromuscular disease (Rutkove, 2009 ). EIM appears well-suited for monitoring disease progression over time and as an outcome measure for assessing drug efficacy, as supported by studies in amyotrophic lateral sclerosis (ALS) (Rutkove et al., 2007) and spinal muscular atrophy (Rutkove et al., 2012) . The technique also holds promise in the initial diagnosis of focal and generalized disorders (Garmirian et al., 2009) .
EIM assesses the flow of current through localized areas of tissue, and like most impedance-based techniques, a four-electrode approach is used in which the outer two electrodes are currentemitting and the inner two are voltage-sensing (Lukaski, 1999) . In our original work developing EIM, we placed the current-electrodes at a distant site from the voltage measuring electrodes (for example, on the palm of each hand with the voltage electrodes placed over the biceps) (Rutkove et al., 2002; Esper et al., 2006) . This had the advantages of ensuring that current was flowing through the highly conductive muscle at the point it reached the voltage electrodes and that the subcutaneous fat (SF) had minimal impact on any of the major EIM variables, the phase, resistance or reactance (see Fig. 1A ) (Tarulli et al., 2007) . However, more recent studies have used a ''near-current electrode montage'' in which all
